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equation does not conserve m e n t u m  or energy and i s  grossly inaccurate In 
the der ivat ion of the higher ~IMXRM~ equations. Their  resul ts,  therefore, are 
Unl!bc&?ly 0 0  be O f  RV3re t n qual i t a t l v k  value. 

Without engaging I n  polwnics about the adv i sab i l i t y  o f  using the Navier-Stokes 

equations eo describe t rans i t i on  flow, we can ce r ta in l y  agree that  the b l t z -  

~ R R  equation and k i n e t i c  theory w i l l  contain a l l  the necessary d e t a i l s  o f  

continuum, t rans i t i on  e n J  free-molecular f low (a t  least  f o r  mmtomic  gases). 

consistent approximation to  the Boltzmnn equation which i s  appropriate PO the 

hypersonic, rarefied f l o w  i n  the expanding j e t  and so avoid the controy 
about the r e l a t i v e  mer i ts  o f  Mavier-Stokes e uations and the  various ad 
m s n t  apprwiches. The f ~ ~ ~ ~ ~ ~ n t a l  i g tha t  instead of  establ ish ing 

i 

The po in t  O f  V i m  O f  me1 and W i l l i s  has therefore been t o  develop a self- 

v = 7' f T i  

rn rs: 
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(i) the  density of the  gas may be considered to be written as: 

(ii) t h e  velocity along the centerline will be very nearly constant 
after about S i %  woaale diameters 
It's value will be: 

wnsti-earn of the exit plane. 
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I fR &he J e t  %h s radially along 6 

~ ~ e ~ I ~ R t s  of 
tually goes to zero he sx ls .  If 

am1 I nes, end th@ 

t A  of the Jest (!.es that  ~ i ~ t ~ n c ~ ,  y, f rm the 

platC3CN4, 1 . e ~  90% Qf f t S  VelU center1 i ne) a d,  then a 
quantity Kn, = fined, i t  IS clear that IC k i t  

will no longer be c6llIsion dominated transverse t o  the axis, 
on a unity value OR the sam length scel 
the centerline expansion then tho 6 
modeled by a simple source flow. We can s 

If Wr t a b s  
f fects occur for 

t i v e l y  by wr i thg:  

90 tha t  to ffnd 

f o m l e ,  

Q can solve the 8 
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ng the structure of the  free Jet expansion. I n  th is  section we con- 

sidsr the distribution of pat t ic les  which t r w  1 from the nozxl 
through the ending Jet flow. 
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d l t i o n  where we consider micron size  particles. To W X O ~ R ~  for t h i s  we 
i ~ ~ r ~ ~ ~ ~ ~  a factor f which tells us how many mlesules may ~ i ~ ~ l t a n e ~ u s l y  

e with a pert i s le .  t is, f i s  t h e  ratio of tk euler 
radius sf the gas mslecul f ale 
we consider only one gas rnolecatle and one particle interactly instantaneously, 
while if f >>l, there a 
molecular flow. For i R t ~ ~ ~ ~ ~ i a t ~  f we have a Brownian motion, We In addi- 

urn that t h e  effect of t h e  ~ ~ n t ~ ~  transfer which most ~ O ~ X E ~ P R S  

to the  radius of the particle. So tk t i f  

many colltsions and the particle will be I n  free, 

us i s  the turning of the particles so that y = U wit. 1 P I  

we can then write for the particle an equation (comparable to (11) ) Mhich 
sssribes the angular turning: 

- <  

(1 2) 
e * 9P B ’  

assition of particle 



where 

end 



We f i n a l l y ,  f o r  purposes o f  estimation, w i l l  show that  fo r  both spores 

KIOCPOR 5ize part ic les,  the turning angle w i l l  be small. For a spore: 

Y =  

p a r t i c l  

and 

f W 1 ,  

for a and so @p f i n a l  sa 5 x 10 O2 ( -6 5 x 10 

Q f 10' , Y a 10 - 1 4  and 4 p  f i n a l  loo2 @ P eq* 
ese estimates shw that  a l l  part ic les,  including r e a l l y  small spores, w i l l  

be confined to within say 15' o f  th  center1 i ne, d ~ Q P  engineering purposes 

i s  w i l l  be a reasona 
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See equation (2) 
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See equation (2) 

See equation (3) 

distance Prom axis, See Figure 1, 

rat io  of p a r t i c l e  radius to molecular radius: 

force  on p a r t i c l e  

ensiey a t  exit  pl 
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m P/ r 

source t rature fs 

See tion (2) 
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equa%Ioa (1) 

sss equation (2) 

Y Y = mgfmp 

e See Figure 1. 

See Figure 1. 


